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Tick-borne encephalitis virus (TBEV) causes acute central nervous system disease. Here, we investigated the 
roles of the TNF-a, IL-10 and other cytokines in appropriate KO mice following infection with Oshima and 
Sofjin strains of TBEV. Following infection with the Oshima strain, mortality rates were significantly 
increased in TNF-a KO and IL-10 KO mice compared with wild type (WT) mice. These results suggested 
that TNF-a and IL-10 play protective roles against fatal infection due to Oshima strain infection. However, 
viral loads and proinflammatory cytokine levels in the brain of TNF-a KO andIL-10 KO mice were not 
significantly different compared with those of WT mice. On the other hand, all WT, TNF-a KO and IL-10 
KO mice died following infection with So^in strain. Interestingly, So^in-infected mice did not exhibit an 
up-regulated mRNA level of IL-2 in the spleen in all groups of mice, whereas Oshima-infected mice showed 
significantly increased level of IL-2 compared with mock- infected mice. From these results, we suggest that 
TNF-a, IL-10 and IL-2 are key factors for disease remission from fatal encephalitis due to infection with 
Oshima strain of TBEV. 



Tick-borne encephalitis virus (TBEV), which is a member of the genus Flavivirus in the family Flaviviridae, 
causes acute central nervous system (CNS) disease in humans''^. TBEV is distributed widely throughout 
Europe and Asia and is genetically divided into three closely-related subtypes (European-, Siberian-, and Far 
Eastern-subtypes), which correspond to the geographical distribution of Ixodes tick species' ^ 

In human cases, typical clinical features of tick-borne encephalitis (TBE) are characterized by a biphasic course 
with a primary phase when symptoms such as fever, muscle pain, headache and malaise are observed in patients 
and a secondary phase when neurological symptoms including meningitis, meningoencephalitis and menin- 
goencephalomyelitis are present*'^. Death usually occurs within 5 to 7 days from the onset of neurological signs. 
The clinical symptoms of TBE are nonspecific and vary from mild to severe disease, thus laboratory diagnosis of 
TBE is required. 

The laboratory mouse model has been commonly employed to study the pathogenesis of encephalitic flavi- 
viruses including Japanese encephalitis virus (JEV), West Nile virus (WNV) and TBEV. The pathologic changes 
in mouse brains due to encephalitic flavivirus are similar to those observed in human cases and the variety of 
disease prognosis is observed in TBEV-infected mice*". CNS pathology is the consequence of viral infection of the 
affected cells and the resulting inflammatory responses in the CNS. Flavivirus variants may induce different 
degrees of pathology. For example, some TBEV strains, such as Sofjin, cause early disease development and high 
mortality in mice following peripheral infection; whereas, other strains such as Oshima, cause late disease 
development and low mortality*''. 

Host immune response is likely to be a more critical determinant of clinical outcome due to encephalitic 
flavivirus infection. We previously showed the increase of TNF-a and IL-10 levels in mouse brains of severe cases 
infected with JEV'°. We further showed that the mortality rates of TNF-cx knockout (KO) and IL-10 KO mice were 
significantly increased compared with that of WT mice and that immunopathological effects contribute to severe 
neuronal degeneration resulting in fatal disease'". Thus, we suggested that these cytokines play a protective role 
against fatal infection due to JEV. 
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In a mouse model of TBEV infection, we previously suggested that 
the variation of fatal outcome in individual mice appeared to be due 
to variation in individual host responses'. Furthermore, we showed 
that the levels of TNF-a were increased in the brain and serum of 
dying mice following infection with Oshima strain. However, the role 
of TNF-a in the disease progression during TBEV infection was not 
elucidated. Thus, the purpose of present study was to investigate the 
roles of TNF-a and IL-10 in severe cases by using appropriate KO 
mice. 

Results 

Mortality following infection with Oshima and SoQln strains of 
TBEV in TNF-a KO and IL-10 KO mice. We first compared the 
disease courses of TNF-a KO, IL-10 KO and immunocompetent wild 
type (WT) B6 mice following subcutaneous infection with the 
Oshima and Sofjin strains of TBEV. 

Following infection with the Oshima strain, TNF-a KO and IL-10 
KO mice exhibited significant increase in mortality (100% and 
61.9%, respectively) compared with WT mice (42.9%) (Figure la). 
In particular, no mice were observed to survive among the TNF-a 
KO mice until the 19 days post-infection (pi). Mice started to exhibit 
clinical signs such as weight loss, slow movement, ataxia, piloerection 
and anorexia at 6 days pi, but apparent paralysis was not observed. 
Onset of disease such as weight loss was not significantly different 
between the three groups (Figure lb). Mean survival times (MSTs) of 
fatal cases were 12.5 ± 1.6, 11.5 ± 1.06 and 14.9 ± 1.73 days in TNF- 
a KO, IL-10 KO and WT mice, respectively. However, these MSTs 
were not significantly different between the three groups. These 




Days post-infection 



observations indicate that TNF-a and IL-10 protected a significant 
proportion of mice from fatal infection by the Oshima strain, and 
that TNF-a had a particularly pronounced protective effect. 

On the other hand, following infection with the Sofjin strain, all 
mice died within the period of observation (Figure Ic). MSTs were 
8.83 ± 0.25,9.00 ± 0.32, and 9.40 ± 0.41 days for WT, IL-10 KO and 
TNF-a KO mice, respectively, but were not significantly different 
between these groups of mice. Mice started to exhibit clinical signs 
at 5 days pi, and the clinical disease course was similar between the 
three groups (Figure ID). The Sofjin strain in comparison with the 
Oshima strain caused rapid and high mortality in all the three groups 
of mice. However, protective effect of TNF-a and IL-10 against dis- 
ease severity or their enhancing effect was not confirmed in Sofjin- 
infected mice. 

Viral loads in TNF-a KO and IL-10 KO mice infected with TBEV. 

We next compared viral loads in the spleen and different parts of the 
CNS (brain cortex, thalamus, brainstem cerebellum and spinal cord) 
of WT, IL-10 KO and TNF-a KO groups of mice at 5 and 9 days pi. 

Following infection with the Oshima strain, viral load in the spleen 
decreased at 9 days pi compared with at 5 days pi in all WT, IL- 1 0 KO 
and TNF-a KO groups, whereas CNS infection increased during this 
period in all the groups (Figure 2a). However, there was no signifi- 
cant difference in the viral load in the spleen and in the CNS between 
the three groups at 5 days pi nor 9 days pi, suggesting that the 
increased mortality in IL-10 KO and TNF-a KO mice was not simply 
correlated with the increased viral loads in the peripheral and CNS 
tissues. 
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Figure 1 | Survival rates (a and c) and ratios of weight change (b and d) in WT, IL-10 KO and TNF-a KO mice following subcutaneous infection with 
10" pfu of Oshima and Soi^in strains (n = 12 to 21). Mice were monitored daily for the averages ratio of weight change of living mice at the time 
points compared with those of day 0. Error bars represent standard deviations. 
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Figure 2 | Viral loads in the spleen and CNS of WT, IL-10 KO and TNF-a KO mice (n = 4 to 10) at 5 and 9 days pi after subcutaneous infection with 
10* pfu of Oshima (a) and Sof^in (b). 



Following infection with the Sofjin strain, IL-10 KO mice exhib- 
ited slightly lower viral load in the spleen compared with WT and 
TNF-a KO mice at 5 days pi (Figure 2b). However, there was no 
significant difference in the viral load in the different areas of the 
CNS of WT, IL-10 KO and TNF-a KO mice at 5 days pi nor 9 days pi 
(Figure 2b). Of note, all Sofjin-infected mice regardless of the group- 
ing showed significantly higher viral load in every CNS component at 
9 days pi compared with Oshima-infected mice (Supplementary 
figure 1). Increase of viral load in the spleen was also observed in 
Soi^in-infected WT mice compared with Oshima-infected WT mice 
(Supplementary figure 1). Thus, it is suggested that higher mortality 



due to infection with Sofjin strain could be due to the viral factors i.e. 
viral gene differences between Soi^in and Oshima strains. 

mRNA levels of proinflammatory cytokines in the brain of TNF-a 
KO and IL-10 KO mice infected with TBEV. We then examined the 
mRNA transcript levels of proinflammatory cytokines IFN-y, IL-2, 
IL-4, IL-6 in the brain of mice (WT, IL-10 KO and TNF-a KO 
groups) following Oshima and Sofjin infection. 

The following levels were observed in the brain of specific group of 
Oshima-infected mice as compared with that of the mock-infected 
mice (Supplementary Figure 2a): (i) significantly higher levels of 
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Figure 3 | mRNA levels of IFN-y, IL-2, IL-4, IL-6, IL-10 and TNF-a quantified by real time PCR in the brain of WT, IL-10 KO and TNF-a KO mice (n = 
4 to 10) infected with 10" pfu of Oshima (a) and Soi^in (b) at 5 and 9 days pi. 



IFN-y and of IL-2 at 9 days pi or at both 5 and 9 days pi in each of the 
three groups of mice, (ii) significantly higher level of IL-6 at 9 days pi 
in WT and IL-10 KO mice but not in TNF-cx KO mice, (iii) signifi- 
cantly higher level of TNF-a in WT at both 5 and 9 days pi and in IL- 
10 KO mice at 9 days pi, and (iv) no significant difference in IL-4 level 
among the three groups nor in IL-10 level in WT and TNF-a KO 
groups at both 5 and 9 days pi. Of note, the levels of each cytokine 
observed were not significantly different between WT, IL-10 KO and 
TNF-a KO groups of mice after Oshima infection (Figure 3a). These 
observations suggest that inflammatory responses due to these cyto- 



kines in the brain could not be responsible to the increase of mortality 
observed in IL-10 KO and TNF-a KO mice. 

Following infection with Sofjin strain as compared with mock 
infection, the levels of IFN-y and IL-6 were significantly increased 
at 5 and 9 days pi in the brain of WT and IL-10 KO mice but not of 
TNF-a KO mice (Supplementary Figure 2b). Accordingly, the levels 
of IFN-y and IL-6 were higher or significantly higher in WT and IL- 
10 KO mice than in TNF-a KO mice at 5 and/or 9 days pi (Figure 3b). 
When these cytokine levels were compared between Oshima- and 
Sofjin-infected mice, IFN-y level in TNF-a KO mice was higher at 9 
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days pi following infection with Oshima but not with Sofjin 
(Supplementary figure 3). On the other hand, IL-6 level in WT mice 
was higher after 5 days pi following infection with Sofjin but not with 
Oshima (Supplementary figure 3). Thus, it indicates that immune 
response such as IFN-y and IL-6 induction in the brain are different 
between Oshima and Sofjin infection. 

TNF-a level was significantly increased in WT at 9 days pi and IL- 
10 KO mice at 5 and 9 days pi following infection with Sofjin strain 
(Supplementary Figure 2b). IL-2 level in IL-10 KO mice at 9 days pi 
was increased and IL-10 level in TNF-ot KO mice was increased at 5 
days rather than at 9 days pi after infection with Sofjin strain 
(Supplementary Figure 2b). IL-4 level was not increased following 
Sofjin infection in the three mouse groups (Supplementary Figure 
2b). However, the levels of IL-2, IL-4, IL-10 and TNF-cx were not 
significantly different between WT, IL-10 KO and TNF-cx KO groups 
at 5 and 9 days pi (Figure 3b). 

mRNA levels of proinflammatory cytokines in the spleen of TNF- 
a KO and IL-10 KO mice infected with TBEV. We next examined 
the mRNA levels of IFN-y, IL-2, IL-4, IL-6, IL-10 and TNF-ot in the 
spleen in WT, IL-10 KO and TNF-cx KO groups of mice infected with 
Oshima and Sofjin strains. 

Following infection with Oshima strain in comparison with mock 
infection, the following levels in cytokines were observed in the 
spleen of mice: (i) significant increase in the levels of IFN-y and 
IL-2 in IL-10 KO and in TNF-cx KO mice at 5 and/or 9 days pi 
(Supplementary Figure 4a), but no significant difference in the levels 
of each cytokine between the three groups at 5 days pi nor at 9 days pi 
(Figure 4a), (ii) significant increase in IL-10 level in TNF-cx KO mice 
at 9 days pi but not in WT mice (Supplementary Figure 4a) and 
comparing the level of this cytokine between these two groups of 
mice, significantly higher IL-10 level in the former mice at 5 days pi 
(Figure 4a), (iii) significant decrease in IL-4 level in WT and IL-10 
KO mice after infection (Supplementary Figure 4a) with the level of 
this cytokine in TNF-cx KO mice significantly higher than that in WT 
and IL-10 KO mice at 5 and 9 days pi (Figure 4a), and (ix) absence of 
significant up- or down-regulation in IL-6 and TNF-(X levels in each 
mouse group (Supplementary Figure 4a) and no significant differ- 
ence in the levels of these cytokines between the three groups 
(Figure 4a). 

Interestingly, following Sofjin infection, the level of IL-2 was not 
increased in IL-10 KO and TNF-a KO mice and was decreased in 
WT mice (Supplementary Figure 4b). These IL-2 levels were not 
significantly different among all the groups (Figure 4b). 
Accordingly, IL-2 level due to Oshima infection was significantly 
higher than that due to Soijin infection in all groups of mice 
(Supplementary figure 5). It indicates that Soijin infection did not 
up-regulate the mRNA level of IL-2 in the spleen, implying that IL-2 
response was related to the pathological difference due to Oshima 
and Sofjin infection. 

Following Sofjin infection, IL-4 level was decreased in WT mice at 
9 days pi and IL-10 KO mice at 5 days pi (Supplementary Figure 4b), 
and accordingly the level in IL-10 KO mice was lower than that in 
WT and TNF-a KO mice at 5 days pi (Figure 4b). Decrease of IFN-y 
level was observed in WT mice between 5 and 9 days pi and IL-6 level 
was also decreased in WT and IL-10 KO mice at 5 days following 
Sofjin infection (Supplementary Figure 4b). However, there was no 
significant difference in the levels of these cytokine among the three 
groups (Figure 4b). Increase of IL-10 level was observed in WT mice 
after Sofjin infection (Supplementary Figure 4b), but there was no 
significant difference in the level between WT and TNF-cx KO groups 
(Figure 4b). TNF-a level was decreased in WT and IL-10 KO mice 
after Sofjin infection (Supplementary Figure 4b) and the level in WT 
mice was higher than in IL-10 KO mice (Figure 4b). 

When these cytokine levels in the spleen were compared between 
Oshima- and Sofjin-infected mice, spleen from the latter mice spe- 



cifically in TNF-a KO mice had significantly higher level of IL- 10 at 5 
days pi (Supplementary figure 5). Interestingly, TNF-a level due to 
Soijin infection was significantly lower in WT mice at 9 days pi and in 
IL-10 KO mice at 5 and 9 days pi compared with that due to Oshima 
infection (Supplementary figure 5). Thus, it indicates that TNF-a 
response in the spleen could have an effect on the different patho- 
genesis due to Oshima and Sofjin infections. 

TBEV specific antibody responses elicited in TNF-a KO and IL-10 
KO mice infected with TBEV. Antibody responses during Oshima 
and Sofjin infection were compared between WT, IL-10 KO and 
TNF-cx KO groups. Following Oshima virus infection, titer of IgM 
at 9 days pi and of IgG at 5 and 9 days pi was lower significantly in 
TNF-cx KO mice compared with that of WT and/or IL-10 KO mice 
(Figure 5a). Following Soijin infection, TNF-a KO mice also 
exhibited significantly lower levels of IgM titer at 9 days pi and of 
IgG titer at 5 and 9 days pi compared with either or both of the other 
groups of mice (Figure 5b). These observations suggest that TNF-a 
contributed to the increase in IgM and IgG production at early phase 
following infection with TBEV. 

Histopathological features of the brains of TNF-a KO mice 
infected with TBEV. To confirm whether severe disease resulting 
in 100% mortality in TNF-a KO mice was attributed to severe 
neuronal damage, histopathological features of the brains of WT 
and TNF-cx KO mice infected with Oshima and Sofjin strains were 
compared. 

Following Oshima infection, TNF-a KO mice exhibited severe 
neuronal loss in several areas of the brain cortex when compared 
with WT mice (Figure 6a). Following Soijin infection, more severe 
neuronal damage was observed in both of WT and TNF-a KO mice 
(Figure 6b). Accordingly, the degree of neuronal damage on Sofjin- 
infected WT and TNF-a KO mice was more extensive than that of 
Oshima-infected mice (Figure 6a and 6B). Mock-infected mice 
showed none of the neuronal destruction (Figure 6c). These observa- 
tions suggest that severe neuronal damage indeed correlate with the 
increase in mortality and that TNF-cx deficiency enhanced severe 
neuronal damage resulting in 100% mortality in TBEV-infected 
mice. 

Discussion 

In this study, we provided evidences by using a mouse model that 
TNF-cx and IL-10 have protective roles from fatal disease due to 
infection with the Oshima strain of TBEV. We showed that increase 
in mortality and severe neuronal loss were more pronounced in 
TNF-cx KO mice. Furthermore, we showed that mRNA levels of 
IL-2 in the spleen were not up-regulated following infection with 
more virulent Sofjin strain that caused 100% mortality, whereas these 
levels were significantly up-regulated in Oshima-infected mice. 
Thus, we suggest that TNF-a, IL-10 and IL-2 are key factors for 
disease remission from severe encephalitis due to TBEV infection. 

To examine the cytokine levels in TBEV-infected mice, we pre- 
liminary tried to detect and compare the expression levels of these 
proteins in the serum, spleen or brain by using commercial bead 
based Analyte Detection System or Western blot. We first examined 
several cytokines (IL-loc, IL-2, IL-5, IL-6, IL-10, IFN-y, TNF-a, GM- 
CSF, IL-4 and IL-17) in the serum of TBEV-infected and mock- 
infected mice by using Mouse Thl/Th2 lOplex kit (eBioscience). 
However, only a few samples showed positive detection levels and 
most samples were under the detection limit of the proteins. Thus, 
the cytokine levels through this technique could not be compared; no 
apparent correlation of the cytokine levels between the sample 
groups was observed. We next tried to detect and compare the pro- 
tein levels of some proinflamatory cytokines such as IFN-y and IL-2 
in the spleen and brain of TBEV-infected and mock- infected mice by 
western blot. However, we failed to detect them from homogenized 
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Figure 4 | mRNA levels of IFN-y, IL-2, IL-4, IL-6, IL-10 and TNF-a quantified by real time PGR in the spleen of WT, IL-10 KO and TNF-a KO mice (n 
= 4 to 10) infected with 10* pfu of Oshima (a) and Sofjin (b) at 5 and 9 days pi. 



tissue samples. Failures of these preliminary experiments could be 
due to technical difficulty or low sensitivity of the assays. Thus, we 
examined the mRNA levels of proinflammatory cytokines by real- 
time PGR referred to in previous studies" '^. We summarized the 
data of mRNA levels in the brain and spleen of mice infected with 
Oshima and Sofjin strains in the Supplementary table. 

In our previous study on JEV, similar observations were obtained 
in TNF-ot and IL-10 KO mice infected with the JaOArS982 strain that 
exhibited similar mortality pattern to Oshima strain of TBEV"''". 
Following infection with JaOArS982, TNF-cx KO and IL-10 KO mice 
exhibited significant increase in mortality rates when compared with 



WT mice. High inflammatory responses were observed in the CNS of 
TNF-ot KO mice and IL-10 KO mice, thus we suggested that immu- 
nopathological effects contribute to the severe neuronal degenera- 
tion and fatal disease in those KO mice. However, in the current 
study using the Oshima strain such exaggerated inflammatory res- 
ponses were not observed in the CNS of the same KO mice when 
compared with WT mice. Therefore, we consider that the mech- 
anism of neuronal damage and increased mortality in TNF-a KO 
mice is different between infections with JaOArS982 strain of JEV 
and Oshima strain of TBEV, although TNF-a appears to provide 
protective effect on disease severity due to both of these viruses. 
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Figure 5 | Titers of TBEV-specific antibody in WT, IL-10 KO and TNF-a KO mice (n = 4 to 10) infected with Oshima (a) and So^in (b). The 

appearance of TBEV-specific IgM and IgG from serum was determined at 5 and 9 days pi by enzyme-linked immunosorbent assay with purified TBEV 
antigen as the assay antigen. 



Interestingly, IL-2 level in the spleen was not increased after infec- 
tion with Sofiin strain in all WT, TNF-a and IL-10 KO groups. 
Infection with Sofjin strain caused extremely higher viral replication 
in the brain compared with that of Oshima strain, suggesting that 
severity of Sofjin strain attributes to the viral infection and replication 
in the brain. However, IL-2 level in the brain was not significantly 
different between infections with Soijin and Oshima strains. Although 
it remains unclear how IL-2 response in the spleen relates to the viral 
replication in the brain, we raise the possibility that IL-2 response in 
the spleen indirectly affects the immune response in the brain. 

IL-2 affects T cell proliferation. Following peripheral infection 
with TBEV, primary T cell activation occurs in the peripheral tissues 
such as lymph nodes and spleen. Then, after TBEV enters the CNS, T 
cells infiltrate the infected site in the brain. We previously showed 
that patterns of T cell repertoire were different between spleen and 
brain of Oshima-infected mice and that specific T cells in the brain 
may contribute to the disease severity in mice'"*. Based on our current 
ongoing experiment, we suggest that T cell repertoire in the brain is 
possibly different between Solrjin- and Oshima-infected mice and 
suppressive effect to virus replication in the brain may be different. 
Therefore, we consider that Sofjin infection may have an effect on the 
down regulation of IL-2 in the spleen and that the T cells harboring 
weak suppressive effect infiltrate the brain. Further investigations 
will be required to resolve this hypothesis to understand the mechan- 
ism(s) of IL-2 response owing to Oshima and Sofjin infections which 
could provide valuable insights into the TBE pathogenesis. 

Soijin strain used in this study had the same origin with Sofjin-HO 
strain used in previous studies' ". The nucleotide homology between 
Sofjin and Oshima strains is 96% and there are 44 amino acid differ- 
ences in the coding region, and 17 nucleotide differences and a dele- 



tion of 207 nucleotides in the non-coding region between those 
strains. Sakai et al. recently reported by using a mouse model that 
the variable region of the 3' non-coding region (NCR) is a critical 
factor for the virulence of Sofjin strain". This region has an effect on 
the increase in mortality and on higher viral load in the brain of 
Sofjin-infected mice compared with those of Oshima-infected 
mice". However, how and whether this region affects the immune 
response including IL-2 induction was not investigated. Thus, it is 
interesting to examine whether the 3 'NCR of TBEV affects IL-2 
responses in the spleen of infected mice; further investigation will 
be required to answer this question. 

In our previous study on JEV, we also showed that more virulent 
JaTH160 strain of JEV caused a significant increase on CNS infection 
and higher mortality in mice compared with JaOArS982. 
Interestingly, IL-2 level was also not significantly elevated in the 
spleen of JaTH160-infected mice similar to the one observed in 
Sofjin infection in the present study'". Therefore, the low level of 
IL-2 in the spleen may be a common factor of severe pathogenesis 
due to high virulent strains of JEV and TBEV. 

It has been reported that TNF-cx KO mice show developmental 
defects in the humoral immune system including a lack of primary 
B cell follicles'^. TNF-a KO mice infected with either Oshima or Sofjin 
strain used in this study did not show a significant difference in the 
level of anti-TBEV IgM response on day 5. A previous report showed 
that an absence of TNF-Rl did not affect the magnitude or quality of 
early antibody response after WNV infection"". However, our data 
showed that IgG levels were decreased in TNF-a KO mice compared 
with WT and IL-10 KO mice. Thus, an absence of TNF-a could affect 
the level of antibody response after TBEV infection. The decreased 
levels of antibody response in TNF-a KO mice could be due to the 
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Figure 6 | Histopathological features of the brain cortex of WT and TNF-a KO mice infected with Oshima (a) and Sofjin (b) at 10* pfu and those of 
mock-infected mice (c). Sacrifice of mice was done at 9 days pi. Each figure represents three to five mice. 



lack of B cells priming, although it is unclear whether the responses 
are related with reduced incidence of mortality in TNF-a KO mice. 

Compensation with cytokines such as TNF-a, IL-10 and IL-2 may 
provide valuable clue to the effective treatment for TBE. Although we 
did not perform this experiment in the current study, we previously 
tried it in JEV- and in TBEV-infected mice. However, in our prelim- 
inary experiments we failed to observe the functional compensation 
after injecting cytokines, agonist, antagonist or antibody in mice. We 
consider that technical improvement on the amount, frequency or 
administration route of compensating factors wall be required for 
their delivery to the effective cells in order to obtain beneficial effects 
on the resolution of the disease. In particular, if these cytokines have 
effects in the CNS, delivery by injection is difficult, because in general 
intravenous or intraperitoneal administration is performed for 
external supplementation. We are currently trying to make technical 
improvement, but we have not yet obtained convincing evidence. We 
believe that these attempts are important priorities to enable the 
development of effective treatment strategies for TBE. 

Methods 

Cells and viruses. The baby hamster kidney (BHK) cells were maintained in 
minimum essential medium (MEM) supplemented with 10% fetal calf serum (PCS). 



The cells were allowed to grow at 37 "C with 5% CO2. Stock virus of TBEV Oshima 
strain and So^in strain were prepared in BHK cells. All experiments using live TBEV 
were performed in a biosafety level 3 laboratory of the Institute of Tropical Medicine, 
Nagasaki University according to the standard BSL3 guidelines. 

Mice. C57BL/6j wUd type mice were purchased from Japan SLC Cooperation 
(Shizuoka, Japan). B6 background IL-10 KO mice were purchased from the Jackson 
Laboratory, USA. TNF-a KO mice were kindly provided by Yoichiro Iwakura, 
Research Institute for Biomedical Sciences, Tokyo University of Science. These mice 
were mated in the facility of Nagasaki University. Five to six week old mice were 
subcutaneously inoculated with lO** PFU of TBEV diluted in MEM containing 2% 
ECS. Mock-infected mice were inoculated with MEM containing 2%FCS. Mice were 
weighed daily up to 21 days and observed for clinical signs. The animal experiments 
were carried out in accordance with the Fundamental Guidelines for Proper Conduct 
of Animal Experiment and Related Activities in Academic Research Institutions 
under the jurisdiction of the Ministry of Education, Culture, Sports, Science and 
Technology. The experimental protocols were approved by the Animal Care and Use 
Committee of the Nagasaki University {approval number: 091130-2-7/0912080807- 
7). 

Virus titration. Following TBEV infection, mice were sacrificed and the blood was 
collected. After perfusion with cold phosphate -buffered saline (PBS), spleens, brains 
and spinal cords were collected. Brains were divided into four parts: brain cortex, 
thalamus, cerebellum and brain stem. They were kept at — 80 "C until further use. 
Each brain part was homogenized in ten volumes of PBS containing 10%FCS and 
diluted with MEM containing 2%FCS. By using BHK cells, virus titers were 
determined by plaque forming assays and were expressed as PFU/g tissue. 
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Measurement of TBEV-specific antibodies. Following TBEV infection, mice were 
sacrificed and the blood was collected. Blood was centrifuged and plasma was 
collected. TBEV IgM and IgG indirect ELISAs were done following modified 
procedures of previous studies^^. Purified TBEV (Oshima strain) was applied as assay 
antigen. The test plasma was diluted at 1 : 100 and 1 : 1,000 for the detection of IgM 
and IgG respectively. HRPO- conjugated goat anti-mouse IgM and IgG (American 
Qualex) were diluted at 1 : 2,000. The substrate solution consisted of OPD with 
hydrogen peroxide. The reaction was stopped by the addition of 1 N sulphuric acid. A 
standard curve was prepared using TBEV positive control serum starting with a 100- 
and 1 ,000-fold dilutions for IgM and IgG, respectively. The IgM and IgG titers of mice 
sera were determined from respective standard curve. 

Quantification of inflammatory cytokines and real-time PGR. Following TBEV 
infection, mice were sacrificed and spleens and brains were collected after perfusion. 
Those tissues were immediately submerged in RNAlater (Ambion). Total RNA was 
extracted using an RNeasy Lipid Tissue Mini Kit (Qiagen). 

Transcribed mRNA levels of IFN-y, IL-2, IL-4, IL-6, IL-10 and TNF-a were 
examined by SYBR real-time PGR as done previously ^"'^^ Absolute copy numbers of 
unknown samples were calculated by comparing the threshold cycle with the cor- 
responding standard curve. The relative quantification was expressed as a ratio 
between unknown samples and internal control for which glyceraldehyde-3-phos- 
phate dehydrogenase (GADPH) was used. Results were normalized to a calibrator 
sample, and the relative transcribed mRNA level was obtained, providing indirect 
information on target mRNA levels and taking into account corrections for experi- 
mental variations in different samples^^''^. 

Histopathological examination. Mice inoculated with TBEV were anesthetized and 
perfused with 10% phosphate- buffered formalin. Fixed tissues were routinely 
embedded in paraffin, sectioned, and stained with hematoxylin and eosin. 

Statistical analyses. Kruskal-Wallis test and Mann Whitney test were used for 
statistical analysis to assess the significant differences in viral loads and mRNA levels 
of genes. Gehan-Breslow-Wilcoxon Test was performed to assess the survival curves 
of TBEV-infected groups of mice. 
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